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Abstract
Purpose: The purpose of this study was to evaluate whether current educational strategies at a dental 
institution in the United States made a difference in dental hygiene (DNHY) and dental students’ (D3) 
learning outcomes in the four domains of evidence-based practice (EBP), knowledge, attitude, accessing 
evidence, and confidence (KACE), following a 12-week research design course.
Methods: All participants DNHY (n=19) and D3 (n=96) enrolled in the research design course at Loma 
Linda University completed a paper KACE survey distributed on the first day of class. Students completed 
the KACE survey once more at the end of the 12-week course. Pre- and post-survey results were 
compared both within and between the DNHY and D3 student groups to identify the learning outcomes 
in the four domains of EBP; knowledge, attitude, accessing evidence, and confidence in EBP. Descriptive 
statistics were conducted to profile all variables in the study; the level of significance was set at α=0.05. 
Results: All DNHY students (n=19) completed the pre and post KACE surveys; of the D3 (n=96) 
students enrolled in the course 82% (n=79) competed the post-survey. Comparison of the survey results 
showed that both DNHY and D3 students demonstrated statistically significant increases in their level of 
knowledge and attitude (p < 0.05) towards EBP. In the attitude domain, DNHY students indicated more 
positive attitudes towards EBP (p < 0.001) than their D3 student cohorts. Neither group demonstrated 
significant changes in confidence in applying EBP (p > 0.05). 
Conclusion: DNHY and D3 students increased their knowledge and developed more positive attitudes 
towards EBP following a 12-week research design course. Study results identify improvement areas 
for EBP knowledge acquisition including determining levels of evidence, analysis of study results, and 
evaluating the appropriateness of research study designs through the use of validated EBP survey 
instrument. 
Keywords: evidence-based practice, evidence-based dentistry, KACE, dental hygiene students,  
dental students 
This manuscript supports the NDHRA priority area Professional development: Education 
(educational models).
Submitted for publication: 4/26/17; accepted 10/4/2017.      

Introduction
The vision of the American Dental Hygienists’ 

Association is to support the integration of dental 
hygienists into the health care delivery system 
and improve the public’s oral and overall health.1 
Evidence-based practice (EBP), plays an important 
role in realizing this goal and should be incorporated 
into the education process to prepare dental 
hygienists to meet the needs of the public. While the 
importance of the EBP concept has been emphasized 
for a wide range of health professions including 
medicine, nursing, and dentistry,2-8 implementation 
and outcomes assessment in the dental hygiene 
curricula remains challenging. 

Evidence-based dental practice as defined by 
the American Dental Association is an approach to 
oral healthcare requiring the systematic integration 
of relevant scientific evidence as it relates to the 
patient’s oral and medical condition combined with the 
dentist’s clinical expertise and the patient’s treatment 
needs and preferences.9 The primary goal is optimal 
patient care, and an increasing emphasis has been 
placed on establishing an evidence-based approach to 
clinical care and treatment.10 However, it is important 
to identify factors that may influence a practitioners’ 
ability to embrace EBP. Knowledge and experience of 
practitioner, educational environment and information 
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overflow, among other factors may be perceived as 
barriers to implementing EBP,11-13 suggesting that 
developing positive perspectives towards EBP early 
in education process plays a key role in shaping 
attitudes towards EBP.

Dental hygiene students (DNHY) at Loma Linda 
University (Loma Linda, CA, USA) are taught to use an 
evidence-based approach to patient care throughout 
the two-year curriculum. Special emphasis on EBP 
is given during the 12-week research design and 
applied statistics course taught during the summer 
term. The research design course is notable in 
that both matriculating senior DNHY and third year 
dental students (D3) are taught the basic concepts 
and principles of conducting and evaluating research 
in dental and biomedical sciences together. The 
students also develop required skillsets to recognize 
clinical problems, search and review the literature, 
interpret results and draw appropriate conclusions 
based on the best evidence. The course is designed to 
enhance critical thinking skills and lay the foundation 
for the dental professionals’ commitment to life-
long learning in addition to meeting Commission on 
Dental Accreditation (CODA) standards.14

With the incorporation of EBP into the dental and 
dental hygiene curricula, a need was established for 
the development of an assessment tool to measure the 
outcomes effectiveness of EBP training. Hendricson et 
al., developed and validated a Knowledge, Attitude, 
Access and Confidence Evaluation (KACE) instrument 
to measure EBP education outcomes specifically for 
dentistry.15 Previous assessment tools have been 
designed for medicine. The KACE survey consists of 
35 items measuring four EBP domains: knowledge 
of EBP concepts (10 items); attitudes about EBP (10 
items); accessing evidence (9 items); confidence in 
critical appraisal (6 items).9 Overall, the KACE survey 
demonstrates sensitivity in regards to the type of 
training or experience, individual responsiveness, 
test-retest reliability, and internal consistency.15 

There are a number of studies evaluating the four 
dimensions of EBP on dental students, dental faculty, 
and dental hygiene faculty.6,7,15,16 however there is 
a gap in the research in regards to dental hygiene 
students and EBP education outcomes. The purpose 
of this study was to evaluate the changes in EBP 
knowledge, attitudes, evidence-accessing methods 
and confidence in a mixed class of dental hygiene 
and dental students as measured over a short period 
(12 week course) of time. 

Methods
The Loma Linda University Institutional Review 

Board (IRB #5160409) granted this study exempt 
status. All second-year DNHY (n=19) and D3 
(n=96) enrolled in the Loma Linda University, 
School of Dentistry research design and applied 
statistics course during the 2016-17 academic year 
participated in the study. The Knowledge, Attitude, 

Access and Confidence Evaluation (KACE) survey 
instrument developed by Hendricson et al.15 was 
printed as a hard copy and distributed during the first 
class session. The survey consisted of 35 multiple 
choice questions addressing respondents’ knowledge 
in determining levels of evidence, literature search 
strategies, analysis of study design and results, and 
the identification of PICO (problem, information, 
comparison, outcome) questions.  All DNHY and D3 
students completed the KACE survey on the first day 
of class; a second KACE survey was distributed as a 
post-test at the completion of the 12 week course. 

The KACE assessment instrument was transferred 
to a survey distribution tool (Qualtrics, Provo, UT, 
USA). All of the knowledge responses were recorded 
by the research team into an excel data spread sheet 
as either incorrect (0) or correct (1) for appropriate 
data analysis. Questions assessing EBP attitudes, 
access and confidence utilized a 5-point Likert scale 
with the attitude questions scaled strongly agree=1 
to strongly disagree=5; while the access of evidence 
scale ranged from: 1= very frequently to 5 = never. 
The confidence scale ranged from: 1=very confident 
to 5 = not at all confident.15 While the original KACE 
instrument was used for this survey, the scale was 
in reverse order so as to align positive responses 
first. Data entry into excel spreadsheets was cross-
checked for the correctness of entry. 

Descriptive statistics were conducted to profile all 
variables in the study. Fisher’s exact test was used 
to evaluate knowledge, and the non-parametric 
Wilcoxon Rank Sum (Mann-Whitney) procedure 
was used to assess whether the two student groups 
differed at the pre and post-survey on attitude, 
access and confidence. Friedman’s test was used 
to evaluate changes within each group in the four 
domains. Standard residual analyses were carried 
out to assess the validity of assumptions including 
residual plots and Shapiro-Wilk tests of normality. 
Analysis of the statistical models above including 
parameter and confidence interval estimation was 
accomplished using a statistical software program 
(IBM®; SPSS®v24). The level of significance was set 
at α=0.05 for all tests.

Results 
All DNHY students (n=19) completed the pre- 

and post-KACE surveys; of the D3 students (n=96) 
enrolled in the research design course, 82% (n=79) 
completed both surveys. The survey responses are 
reported in the respective domains. 
Knowledge Domain

The mean percentage of correct responses to the 
knowledge of critical appraisal questions on the pre-
test was 26% for DNHY as compared to 28% for D3 
students; both DNHY and D3 had 38% mean for 
correct knowledge responses on the post-test. Within 
their respective groups, both DNHY and D3 students 
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demonstrated a statistically significant 
increase in knowledge (DNHY: p=0.002 
and D3: p<0.001). However, the difference 
in the knowledge domain on the post-test 
between the two groups (p=1.0) was not 
statistically significant. Correct responses 
by knowledge category are summarized in 
Table I.
Attitude Domain 

Respondents attitudes regarding EBP 
on the pre-survey were not statistically 
different (p = 0.966) between the DNHY 
and D3 groups; both groups indicated 
negative attitudes towards EBP. DNHY and 
D3 students demonstrated statistically 
significant changes in attitude in a positive 
direction at the post-test (p < 0.001), as 
reflected by a positive delta value (Fig 1). 
Post-test results demonstrated statistically 
significant differences between the two 
groups; with DNHY students indicating 
more positive attitudes towards EBP (p < 
0.001) than D3 students. Overall, students 
agreed or strongly agreed that EBP should 
be an integral part of the dental curriculum 
and that EBP will be valuable in their future 
to improve the quality of patient care. 
Attitude domain responses are summarized 
in Table II.

The pre- and post-survey descriptive 
summaries reported in Tables II–IV 
should be interpreted at the group level. 
Delta values were derived from individual 
scores rather than group–level summaries. 
Individual post-survey scores were 
subtracted from the pre-survey scores 
to derive the delta value and reflect the 
direction of change in score with respect 
to baseline (pre-survey). A zero value 
indicates no change in the respective 
domain while a negative value indicates 
a change in the negative direction. Thus, 
delta values do not correspond to a direct 
subtraction of post-survey scores from pre-
survey scores. Changes in attitude, access, 
and confidence are illustrated as boxplots 
in Figure 1.
Access Domain 

DNHY and D3 students did not 
demonstrate a significant difference in 
strategies for accessing evidence on the 
pre-survey (p= 0.110) however post-
survey results showed a statistically 
significant difference (p = 0.004) between 
the two groups of students. D3 students 
demonstrated a change in their ability to 
access information (p < 0.001), while no 
changes were shown in the DNHY group 

Table I. Correct Responses: Knowledge Questions 

Type of Question
Pre-survey

 

 

 

 

 

 

 

 

 

 

 

 

 

Post-survey

DNHY D3 DNHY D3

Q1 Determining Ranking  
of Evidence 0 21.79 21.05 25.61

Q2 Determining Highest 
Level of Evidence 0 11.54 36.84 28.05

Q3 Literature Search 
Strategy 42.10 52.56 36.84 60.98

Q4 Analyzing Study Results 47.36 47.43 42.11 50.00

Q5 Identifying PICO 
Questions 26.31 10.25 36.84 43.21

Q6 Analyzing Study Results 31.57 3.84 31.58 23.17
Q7 Identifying Research 
Study Design 52.63 41.02 36.84 55.56

Q8 Determine Appropriate 
Study Design Needed 21.05 16.66 36.84 21.95

Q9 Sensitivity and 
Specificity 21.05 35.89 36.84 41.46

Q10 Prevalence and 
Incidence 21.05 35.89 65.15 28.40

Mean of Correct Responses 
(%) 26.31 27.69 38.09 37.84
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Figure 1. Boxplots of Changes in Attitude, 
Access, and Confidence by Student Group 
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(p = 0.609) as illustrated in Figure 1. Participant 
responses regarding frequency of accessing evidence 
are shown in Table III. Both DNHY and D3 groups 
reported using colleagues and searching the Internet 
for dental evidence. Podcasts or databases of critically 
reviewed topics were rarely used by either group.
Confidence Domain

Confidence levels in appraising various aspects of 
a published report were not statistically significant 
between DNHY and D3 groups on the pre-survey  
(p = 0.157). Both groups reported having moderate 
confidence on the pre-test and did not differ from 
each other on the post-survey (p=0.824). Neither 
group demonstrated a change in confidence that 

was statistically different (DNHY: p=0.070; D3: p= 
0.559). Student responses regarding confidence in 
the various aspects of appraising the literature are 
summarized in Table IV. 

Discussion
Evidence-based practice is a decision making 

process that should be considered the standard of 
care in dentistry and positive perspectives towards 
EBP should be cultivated early in the education 
process. The purpose of this study was to evaluate 
whether current educational strategies at a dental 
school in the United States made a difference in the 
dental hygiene and dental students learning outcomes 
in the four domains of EBP; knowledge, attitude, 

Table II. Summary of Responses: Attitudes about EBD in Dentistry 

Attitude Question
DNHY D3

Pre-
survey

Post-
survey DELTA Pre-

survey
Post-

survey DELTA

I now believe that evidence-based 
practice will be more valuable in my 
future

Median 4 1 2 4 2 2

IQ Range 2 1 3 0 1 2

I personally appreciate the 
advantages of practicing evidence-
based patient care

Median 4 1 3 4 2 2

IQ Range 2 1 2 1 1 2

EBP should be an integral part of  
the dental school curriculum

Median 4 1 2 4 2 2

IQ Range 2 1 2 0 0 2

I support EBP principles more than  
I did one year ago

Median 3 2 1 4 2 2

IQ Range 1 1 2 1 1 2

EBP is a routine part of my 
professional growth as a dentist/
dental hygienist

Median 3 1 2 4 2 2

IQ Range 1 1 2 1 0 1

The practice of evidence-based 
dentistry has changed the way I learn

Median 3 2 1 3 2 1

IQ Range 0 1 1 1 1 2

It has been difficult for me to practice 
evidence-based dentistry in the past 
year

Median 3 3 0 3 3 0

IQ Range 0 2 2 2 2 3

EBP is “cook-book” dental care that 
disregards clinical experience in provid-
ing the best treatment for patients

Median 3 3 0 2 3 -1

IQ Range 1 1 2 1 2 2

It is feasible to use EBP routinely 
when providing care for patients in 
the dental school clinic

Median 4 2 2 4 2 1

IQ Range 1 1 1 1 1 2

EBP improves the quality of dental 
patient care

Median 4 1 3 4 2 2

IQ Range 1 1 2 0 0 1

*1: Strongly agree; 2: Agree; 3: Uncertain; 4: Disagree; 5: Strongly Disagree
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accessing evidence, and confidence. The study 
results demonstrated that there were no differences 
in the EBP domains between the DNHY and D3 groups 
at the beginning of the research design course; a 
finding that was noteworthy considering the different 
academic requirements of the two disciplines. These 
results were also in contrast to the studies of Stanley 
et al.6 and Hendricson et al.;15 both demonstrating 
positive associations between the degree level of 
education obtained and EBP knowledge, access to 
evidence and confidence. The collective responses 
of both student groups revealed that only a small 
number of respondents had a fundamental knowledge 
of pertinent EBP principles, findings similar to Straub-
Morarend et al. multi-institutional, cross-sectional 
study of 138 students from seven schools.16 In the 
area of EBP principles, participants in this study had 
the highest level of correct responses in being able 
to differentiate between the terms prevalence and 

Table III. Summary of Responses: Frequency of Access for Dental Evidence 

Access Method
DNHY D3

PRE-
survey

POST-
survey DELTA PRE-

survey
POST-
survey DELTA

Colleagues in dentistry or health 
care providers

Median 4 2 2 4 2 2

IQ Range 2 2 4 2 2 2

Textbooks
Median 4 2 2 3 3 0

IQ Range 2 2 2 2 1 1

Internet (excluding Cochrane 
reviews)

Median 4 2 2 4 2 1

IQ Range 2 1 2 1 1 2

Original research published in 
peer-reviewed journals

Median 3 3 0 3 3 0

IQ Range 2 1 2 1 2 2

Cochrane Database of 
Systematic Reviews

Median 1 4 -3 1 4 -2

IQ Range 1 2 2 1 1 2

Journal of EB Dental Practice, 
EB Dentistry, Journal of EBM

Median 1 3 -2 2 3 -1

IQ Range 2 1 3 2 2 2

Continuing education 
courses,workshops

Median 3 3 1 2 4 -2

IQ Range 1 1 2 2 2 2

Podcasts and web conferences 
(webinars)

Median 1 4 -2 2 4 -2

IQ Range 1 1 2 1 2 2

Databases of Critically 
Appraised Topics (CATs)

Median 1 4 -2 1 4 -3

IQ Range 1 3 3 1 2 3

*1: Very Frequently; 2: Often; 3: Occasionally; 4: Rarely; 5: Never

incidence and in literature search strategies while the 
lowest level of correct responses was in determining 
the level of evidence and the necessary study design.  

This study evaluated the change in EBP 
knowledge that occurred over a 12 week course and 
the survey results indicate that both DNHY and D3 
student groups demonstrated the same increase in 
levels of knowledge. These findings were modest 
in comparison to Hendricson et al.15 study findings 
where participants demonstrated a doubling of 
knowledge after an EBD training course as measured 
by the KACE survey instrument. It is noteworthy 
that the learning objectives of the EBD training 
were specifically addressed to all components of the 
KACE knowledge domain,15 whereas the research 
design course in the current study was an overview 
of the basic concepts and principles related to 
both evaluation and conducting research in dental 
education and biomedical sciences.
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The attitudinal change towards EBP in dentistry in 
both student groups was significant. Both DNHY and 
D3 students started with a less positive perspective 
towards EBP and demonstrated transitioning to a more 
positive outlook. A positive perspective can impact 
behavior, as one is likely to achieve better in an area 
that provides enjoyment and views as useful.17 This 
concept is also supported by studies in other disciplines 
demonstrating that an attitude index may be used as 
a positive predictor for better behavior.18 Developing 
positive attitudes towards EBP are desirable learning 
outcomes since they may influence the future 
practitioner’s implementation of EBP. 

Participants in the study accessed a variety of 
sources in search for evidence and frequently referred 
to colleagues and other health care providers for 
evidence-based information. This is to be expected 
in an educational environment where classmates or 
faculty members are readily available for sharing 
opinions; however, these colleagues may not be 
accurate sources of evidence. Neither the DNHY nor 
the D3 groups demonstrated changes in confidence 
levels in the post-survey. Both groups remained 
only moderately confident in their ability to appraise 
various aspects of published research despite the 
increase in their knowledge and improved attitude. 
These findings are supported by other educational 
studies indicating no significant relationship 
between confidence and levels of knowledge or on 
the self-rated abilities of health care providers and 
teachers.19,20 

Limitations of the study include the use of a 
convenience sample of students in a single institution; 

therefore the results are not generalizable outside of 
this institution. Additionally, although the two student 
groups took the research design and statistics course 
together during the 12-week summer term, there were 
differences in the overall didactic exposure during 
that period that may have affected the results. The 
DNHY students also took a cariology class during the 
same term that included EBP concepts while the D3 
took the cariology course in the previous year. Areas 
for further study include multi-institutional, cross-
sectional surveys of dental hygiene students and 
faculty on their perceptions of EBP, learning outcomes 
of EBP in the curriculum and readiness to incorporate 
EBP in the future.  

Conclusion
This study evaluated the changes in knowledge, 

attitudes, evidence-accessing methods and confi-
dence of EBP in dental hygiene and dental students 
over a short period of time at a U.S. dental 
institution. Within the limitations of this study, it 
can be concluded that dental hygiene and dental 
students increased their knowledge and developed 
more positive attitudes towards EBP following a 12 
week research design and applied statistics course. 
Study results identified improvement areas for EBP 
knowledge acquisition including determining levels 
of evidence, analysis of study results, and evaluating 
the appropriateness of research study designs 
through the use of validated EBP survey instrument. 

 
Disclosure: This project received funding from the 
Loma Linda University Student Research Program.

Table IV. Summary of Responses: Confidence on Appraising Literature 

Appraisal Aspect
DNHY D3

Pre-
survey

Post-
survey DELTA Pre-

survey
Pre-

survey DELTA

Appropriateness of the study design
Median 2 3 0 2 3 0

IQ Range 1 1 1 1 1 2

Bias in the study design or data analysis
Median 3 3 0 3 3 0

IQ Range 1 1 2 1 1 2

Adequacy of the sample size
Median 3 3 0 3 2 0

IQ Range 1 1 2 1 1 1

Generalizability of the findings
Median 3 3 0 3 3 0

IQ Range 1 1 1 1 1 1

Appropriate use of statistical tests
Median 2 3 -1 2 3 -1

IQ Range 2 4 2 1 3 2

Overall value of the research report
Median 3 3 0 3 3 0

IQ Range 1 1 2 1 1 1

*1: Very Confident; 2: Confident; 3: Moderately Confident; 4: Not Confident; 5: Not at all Confident
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